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This  investigation  was  conducted  during  the  period  17  May  1976 
to  30  September  1976  by  the  Soils  and  Pavements  Laboratory  (S&PL)  of 
the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES).  The  study 
was  authorized  by  lAO  BTOOU,  Aberdeen  Proving  Ground,  Maryland,  dated 
13  July  1976  and  lAO  RM-56-7T,  Rocky  Mountain  Arsenal  (RMA),  Denver, 
Colorado,  dated  16  August  1976.  , 

This  report  was  prepared  by  Mr.  S.  P.  Miller  of  the  Engineering 
Studies  Branch,  S&PL,  WES,  under  the  supervision  of  Mr.  G.  B.  Mitchell, 
Chief,  Engineering  Studies  Branch.  Mr.  C.  L.  McAnear  was  Chief,  Soil 
Mechanics  Division,  and  Mr.  J.  P.  Sale  was  Chief,  S&PL.  Mr.  W.  0. 

Miller  and  Mr.  W.  L.  Murphy  of  the  Engineering  Geology  and  Rock  Mechanics 
Division,  S&PL,  developed  parts  of  the  project  design  criteria. 

The  assistance  of  personnel  at  RMA  is  gratefully  acknowledged. 

COL  G.  H.  Hilt,  CE,  and  COL  J.  L.  Cannon,  CE,  were  Directors  of 
WES  during  the  preparation  of  this  report.  Mr.  F.  R.  Brown  was 
Technical  Director. 
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INTERIM  CONTAINMENT  SYSTEM,  GROUNDWATER  TREATMENT 
ROCKY  MOUNTAIN  ARSENAL,  DENVER,  COLORADO 


Introduction 


Backgroimd 


1.  The  Decontamination  Systems  Technical  Working  Group,  Aberdeen 
Proving  Ground,  Maryland,  at  the*  direction  of  the  Program  Manager,  In- 
stallation  Restoration,  reQ^uested  the  U*  S*  Army  Engineer  Waterways 
Experiment  Station  (WES)  to  evaluate  interim  systems  for  containment/ 
dewatering/recharging  of  contaminated  groundwater  at  Rocky  Mountain 
Arsenal  (RMA) .  The  WES  was  also  tasked  to  plan  acquisition  and  evalua¬ 
tion  of  geotechnical  data  for  development  of  design  criteria  for  the 
chosen  system.  This  report  does  not  address  the  treatment  portion  of 
the  interim  containment  system. 

Purpose  and  scope 

2.  This  report  will  be  used  to  develop  the  conceptual  system 
into  a  project  for  construction  and  operation.  After  consideration 
of  various  system  components  in  relation  to  several  factors,  e.g., 
geotechnical  data,  geochemical  data,  constraints,  costs,  the  system 
described  herein  was  selected.  This  report  describes  the  chosen  site, 
geotechnical  data  acquired,  and  system  components  selected,  and  provides 
design  criteria  for  the  system.  The  site  chosen  for  the  interim 
containment  system  is  along  part  of  the  northern  boundary  of  RMA  near 

a  small  pond-like  area  primarily  fed  by  groundwater  and  referred  to 
as  the  "bog,"  Figures  1  and  2. 

3.  The  objective  of  the  interim  containment  system  is  to  inter- 

ifVOyUaTnVLi 

cept  the  groundwater  flowing'' across' the  alignment  of  the  system,  treat 
it ,  and  return  it  to  the  aquifer  downstream  of  the  dewatering  component  .•* 
This  system  will  consisT;  of  four  major  components:  dewatering  wells, 
a  groimdwater  barrier,  a  recharge  component,  and  a  treatment  component. 
Figure  3.  The  dewatering  wells  will  remove  water  from  the  aquifer 
and  the  recharge  component  will  return  it  to  the  aquifer.  To  avoid 
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movement  of  treated,  recharged  water  back  to  the  dewatering  area,  \diich 
would  increase  the  volume  of  water  to  be  treated,  a  barrier  will  be 
installed  between  the  dewatering  wells  and  the  recharge  component. 
Another  use  of  the  barrier  will  be  to  provide  temporary  underground 
storage  of  water  to  permit  maintenance  or  repair  of  the  treatment 
facilities  without  permitting  contaminated  groundwater  to  travel  beyond 
the  barrier. 

Site  Conditions 


k.  The  geology  of  RMA  consists  of  unconsolidated  alluvial 
terrace  deposits  and  eolian  sand  of  -Recent  to  Quaternary  age  overlying^  * 
bedrock  of  clay  shales  and  sandstone  of  the  Cetaceous 
tion*  Small  bedrock  outcrops  occur  on  a  few  of  the  hills  within  the 
Arsenal,  Near  the  northern  boundary,  bedrock  is  predominantly  clay 
shale  overlain  by  20  to  30  ft  of  terrace  sands  and  gravels  and 
eolian  clays  and  sands .  rmlly 

jtith  -cnenbed^trete-  and  Tiiyl.yi  .LmIj  uliuyu.  Topography  is  gentle  with 
elevations  in  the  system  area  varying  from  approximately  5130  MSL 
to  5160  MSL.  Remnants  of  ancient  terraces  form  low  hills  in  the 


Groundwater 

5.  The  shallow  aquifer  consists,  of  alluvial  materials  overlying 
the  bedrock.  The  aquifer  and  water  table  elevations  have  been  charted 

123 

in  several  publications,  ’  ’  Water  levels  taken  from  borings  during 

the  subsurface  site  investigation  are  recorded  on  the  soil  profiles. 

Plates  1-7 •  The  water  level  is  steady  with  minor  seasonal  variations. 

Saturated  thickness  in  the  site  area  varies  from  10  to  25  ft. 

Plates  1-T>  and  the  gradient  is  approximately  0,01  to  0.005  toward  the 
12 

north,  ’  The  bottom  of  the  bog  apparently  intercepts  the  groundwater 
table  and  is  supplied  directly  from  the  aquifer.  This  interpretation 
is  substantiated  by  observation,  borings,  and  bulk  sampling  in  the  bog 
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Subsurface  investigation 

6.  The  subsurface  investigation  consisted  of  2k  borings  drilled 
in  July  1976  and  presented  in  Plates  1-7  which  give  boring  locations 
and  soil  profiles.  Samples  were  taken  at  5—ft  increments  and/or  change 

in  stratum.  Three  different  types  of  borings  were  made:  \indisturbed  (UD), 
drive  (D),  and  auger  (A).  Samples  from  the  8  UD  borings  were  taken  with 
a  3-in.~diam  open  Shelby  tube  in  cohesive  soils  and  with  a  2-in.  split 
spoon  for  cohesionless  soils.  «The  2-in.  split  spoon  was  used  for  all 
soils  encountered  in  the  8  D  borings.  Jar  samples  were  taken  and  blow 
counts  recorded  for  all  drive  samples.  The  8  A  borings  were  visually 
classified.  All  borings  penetrated  the  weathered  zone  of  the  bedrock  and 
all  samples  were  transported  to  the  WES  for  classification  and  testing. 

Soil  properties 

7.  The  overburden  soils  are  generally  lean  clays  (CL)  overlying 
sands  (SC,  SP)  which,  in  turn,  overlay  the  weathered  shale  (usually 

a  fat  clay  CH  or  inorganic  silt  MH  )  or  weathered  sandstone  (usually 
lean  clay  and  silty  sand  CL-SM  or  silty  sand  SM)  above  the  unweathered 
bedrock.  This  general  trend  is  apparent  from  the  soil  profiles.  Plates  1-7 » 
which  are  classified  from  the  boring  logs. 

8.  Soil  samples  from  the  subsurface  investigation  were  tested 
at  the  WES  Soils  and  Pavements  Laboratory  (S&PL)  to  determine  index 
properties  euid  strengths.  Grain  size  distribution  curves,  laboratory 
classifications,  liquid  limits  (LL),  plastic  limits  (PL),  plastic 
indexes  (Pl),  and  water  contents  for  samples  from  UD  and  D  borings 
are  shown  on  Plates  tl-SO.  Unconsolidated,  undrained  triaxial  tests 
were  performed  on  selected  UD  samples.  Plates  9-16.  A  Unified  Soil 
Classification  and  legend  are  provided  in  Plate  8. 

Pumping  tests 

9.  Three  pumping  tests  were  made  in  the  alignment  areas. 

Figure  2,  during  August  1976  by  the  WES  S&PL  to  determine  local 
permeability  and  yield  characteristics  of  the  aquifer.  Analysis  of 
these  tests  gave  a  permeability  of  approximately  210  ft  per  day,  which 
was  used  with  gradient  and  aquifer  cross  sectional  area  to  calculate 
groundwater  flow  across  the  system  alignment. 
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Major  System  Components  and  Associated  Design  Criteria 


Dewatering  veils 

10.  A  dewatering  system  to  remove  the  contaminated  water  from 
the  aquifer  for  treatment  is  shown  in  Figure  U.  The  dewatering  align¬ 
ment  should  be  located  200  ft  from  the  barrier  and  be  lUoo  ft  in  length. 
It  is  positioned  between  Station  26+00  and  kO+00  of  the  original  station¬ 
ing  of  the  north  and  south  aligments  as  shown  in  Plates  1-7.  Normal 
northerly  groundwater  flow  across  this  alignment  is  expected  to  be 
135  gallons  per  minute  (gpm).  Since  this  flow  is  expected  to  fluctuate, 
the  maximim  capacity  of  the  dewatering  system  should  be  125  percent  of 
expected  flow,  or  169  gpni.  This  is  the  approximate  expected  capacity  of 
the  treatment  component .  The  dewatering  system  should  also  have  the 
capability  to  evenly  remove  the  minimum  flow  of  75  percent  of  normal, 
or  100  gpm.  Therefore  the  separate  wells  must  be  capable  of  handling 
a  variation  in  flow  due  to  these  fluctuations  and  also  due  to  local 
differences  in  flow  along  the  alignment.  The  wells  must  fully  penetrate 
the  aquifer  with  well  screen  length  equal  to  aquifer  thickness.  A 
general  well  spacing  of  200  ft  was  chosen.  This  spacing  has  been  varied 
to  accommodate  nonuniform  flow  across  the  dewatering  alignment  and 
should  result  in  approximately  5  ft  of  drawdown  in  the  wells.  Pumps 
should  have  automatic  controls  to  maintain  a  set  drawdown  once  the  re¬ 
quired  drawdown  to  operate  the  system  is  established.  The  distance 
between  the  barrier  and  dewatering  alignment  is  set  to  make  optim\am 
use  of  undergound  storage  as  described  in  paragraph  11  and  Fig\ire  5. 

Figure  1*  presents  the  dewatering  and  barrier  alignments  in  plan  and 
the  dewatering  alignment  in  profile,  west  to  east.  Figure  5  is  a 
schematic  cross  section  of  the  entire  system,  south  to  north.  The 
grain  size  curves  provided  as  Plates  17-80  can  be  used  for  sizing  of 
well  screen  openings. 

Groundwater  barrier 

11.  A  groundwater  barrier  consisting  of  a  bentonite  slurry  cut¬ 
off  trench  extending  into  the  bedrock  should  be  located  from  Station  26+00 
to  It 0+00  of  the  northern  system  alignment,  Plate  2,  as  shown  in  Figure  4. 
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This  harrier  will  block  movement  of  treated  water  from  the  recharge  area 
back  to  the  dewatering  wells,  thus  preventing  recycling  of  water  in  the 
treatment  process.  The  barrier  will  also  provide  underground  storage 
as  shown  schematically  in  Figure  6.  This  potential  storage  could  be 
used  during  periods  of  dewatering  system  shutdown  for  maintenance 
problems  or  treatment  delay .  The  total  amount  of  storage  is  approxi¬ 
mately  Ij-OOjOOO  gallons  which  would  be  2  days  flow  at  the  normal  expected 
flow  of  135  gpni-  This  amount  assumes  well  drawdown  as  shown  in  Figure  U 
and  a  porosity  of  O.Uo  in  the  storage  strata. 

12.  The  slurry  should  be  a  mixture  of  bentonite,  water,  and 
any  desired  additives,  and  will  serve  to  stabilize  the  trench  during 
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excavation.  ’  *  The  trench  shoiild  extend  2  ft  into  weathered  bedrock 
(CH)  in  clay  shale  areas  and  to  the  bedrock  in  sandstone  areas,  be  a 
minimum  of  2k  in.  in  width,  and  have  a  structural  cover.  A  structural 
cover  is  required  to  carry  any  load  applied  on  or  in  the  immediate 
vicinity  of  the  slurry  trench  (e.g.  traffic  or  working  platforms)  since 
it  cannot  support  a  load.  The  trench  should  be  ihOO  ft  in  length  and 
an  average  of  27  ft  in  depth.  These  are  approximate  dimensions  based 
on  limited  soil  sampling,  therefore  determination  of  actual  construction 
dimensions  shoxild  be  made  by  a  knowledgeable  soils  engineer  based  on 
field  conditions  encountered  during  construction.  Specifications  should 
be  developed  defining  water  quality  factors  such  as  pH,  hardness,  and 
deleterious  substances.  Industrial  suppliers ■ of  bentonite  have  guides 
for  desired  slxirry  water  quality.  If  neither  local  well  water  nor  the 
bog  water  meets  these  standards ,  alternative  sources  of  water  shoiild  be 
considered.  A  model  study  was  conducted  to  discover  if  the  groundwater 
in  the  system  area  would  have  any  detrimental  initial  gross  effects  on 
the  bentonite.^  ■  The  study  lasted  10  days  using  groundwater  from  the 
interim  containment  system  area.  No  detrimental  effects  were  noted. 
Recharging  component 

13.  The  treated  water  must  be  restored  to  the  aquifer  through 
a  recharge  method  downstream  (north)  of  the  barrier.  The  bog  area 
presents  a  natural  and  readily  accessible  entrance  to  the  aquifer. 

The  rate  of  movement  of  the  recharged  water  in  the  aquifer  will  vary 
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with  the  head  maintained  in  the  bog.  In  order  to  use  the  bog  for  re¬ 
charge,  all  fine-grained  material  in  the  bottom  of  the  bog  above  the 
aquifer  shoixld  be  removed.  From  consideration  of  aquifer  area,  aquifer 
permeability,  and  required  gradient,  the  bog  area  should  be  able  to 
recharge  the  aquifer  at  the  maximum  dewatering/treatment  rate  of  I69  gpm, 
with  approximately  1  ft  of  head  above  natural  groimdwater  level.  Lower 
areas  of  the  bog  boundary  may  require  a  dike  to  accommodate  this  water 
level.  It  is  assumed  that  the  treated  .water  will  be  of  relatively  high 
quality  and  should  pose  only  a  minor,  if  any,  clogging  problem  in  the 
recharge  area. 

14.  If  the  bog  is  retained  in  its  present  configuration  for  re¬ 
charge,  excavation  is  expected  to  be  approximately  12,000  cu  yd  based 
on  the  soil  borings.  Actual  quantity  should  be  determined  by  a  know¬ 
ledgeable  inspection  of  the  bog  to  insure  removal  of  a1 1  fine-grained 
material  above  the  aquifer.  This  excavated  material  could  be  used  to 
form  part  of  the  small  dike  referred  to  in  paragraph  13.  Side  slopes 
of  the  excavation  and/or  dike  should  not  exceed  1  vertical  on  2  hori¬ 
zontal  . 

General  considerations 

15.  Further  considerations  in  the  design  of  the  interim  contain¬ 
ment  system  must  include  provision  for  above-ground  storage  of  water  to 
handle  short-term  differences  in  pumping  and  treatment  rates  and  other 
contingencies,  and  a  system  to  transport  water  from  the  dewatering 
system  to  the  treatment  location  and,  after  treatment,  back  to  the 
recharge  area.  These  designs  shoxild  consider  such  factors  as  safety, 
effect  of  contaminents  on  all  components,  treatment  location,  and  cold 
weather  precautions. 

16.  Monitoring  of  the  groimdwater  system  prior  to  and  during 
construction  and  operation  is  necessary  to  assess  the  effectiveness 
of  the  system  and  provide  input  to  operational  variables,  e.g.  pump 
rates,  recharge  rates.  Obviously,  water  quality  and  location  must  be 
closely  observed.  This  need  can  be  accomplished  by  installing  observa¬ 
tion  wells  and  incorporating  existing  observation  wells  into  a  monitoring 
program  for  the  interim  containment  system.  It  is  important  that  this 
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program  "be  initiated  as  ^oon  as  possible  to  establish  general  ground- 
water  quality  ajid  level  prior  to  construction  and  operation  of  the 
interim  containment  system.  This,  with  existing  data,  will  establish 
conditions  prior  to  intervention  by  the  system. 

17.  Observation  wells  capable  of  providing  water  level  measure¬ 
ments  and  water  quality  sampling  should  be  installed.  Elevations  of 
the  tops  of  riser  pipes  should  be  established  and  protection  from 
damage  and  contamination  provided  for  dxiring  construction  and  opera¬ 
tion.  Any  necessary  access  requirements  for  the  installation  or  read¬ 
ing  of  new  or  existing  observation  wells  located  off  the  Arsenal 
should  be  considered.  Records  of  water  level  and  quality  should  in¬ 
clude  the  bog  (recharge  component)  and  the  dewatering  wells.  Readings 
of  water  level  should  be  made  biweekly  prior  to  and  during  construction, 
daily  during  initial  system  operation,  and  over  longer  time  periods 

as  a  stable  condition  develops.  Water  samples  should  be  taken  as 
necessary  to  determine  the  effect  of  the  interim  containment  system 
on  water  quality. 

18.  Figure  7  depicts  a  plan  for  placing  observation  wells  for 
use  in  a  monitoring  program.  The  observation  wells  are  listed  in 
Table  1  by  number  and  purpose.  Readings  from  these  wells,  the  bog, 
and  the  dewatering  wells  may  be  used  to  produce  groundwater  elevation 
and  quality  contour  maps  and  groundwater  elevation  cross  sections  to 
interpret  the  effect  of  the  interim  containment  system  on  the  ground- 
water  and  determine  operational  variables  such  as  pumping  rates  end 
recharge  rate.  This  plan  may  require  adjustment  or  additional  obser¬ 
vation  points  as  monitoring  requirements  develop. 
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Figure  1*  Interim  Containment  System  location  -  Rocky 
Mountain  Arsenal,  Denver,  Colorado 


Fig\ire  2.  Subsurface  investigation  alignments  and  pump¬ 
ing  test  locations 


(X. 

o 

z 

3 

o 

£D 

z 

(X 

U 

X 

»- 

of 

o 

z 


Figure  3.  Interim  Containment  System  components 


Figure  4.  Plan  and  profile  of  dewatering  alignment 


Figure  5,  Schematic  diagram  of  Int-ofiTvi  r-  j.  • 

gram  of  Interim  Containment  System,  RMA 
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Figure  J.  Groundvater  monitoring  plan 


CORPS  OF  ENGINEERS 


major  division  type 


UNIFIED  SOIL  CLASSIFICATION 


LETTER  sm; 
SYMBOL  Bai 


typical  names 


GRAVEL,WeH  Groded,  grovel  -  sond  mixtures,  little  or  no  fines 


GRAVEL,Foorly  Graded, growel-sond  mixtures,  little  or  no  fines 


SILTY  GRAVEL,  grovel -sond -silt  mixtures 


CLAYEY  GRAVEL,  grovel  -  sond  -  cloy  mixtures 


SAND,  Well  -  Graded,  grovelly  sonds 


SAND,  Poorly -Graded,  grovelly  sands 


SILTY  SAND,  sond -silt  mixtures 


CLAYEY  SAND,  sond- cloy  mixtures 


SILT  a  very  fine  sond,  silty  or  cloyey  fine  sond  or  cloyey  silt  with  slight  plosticity 


LEAN  CLAY;  Sondy  Cloy;  Silty  Cloy;  of  low  to  medium  plosticity 


ORGANIC  SILTS  ond  orgonic  silty  cloys  of  low  plosticity 


SILT,  fine  sondy  or  silty  soil  with  high  plosticity 


FAT  CLAY,  inorgonic  cloy  of  high  plosticit^f 


ORGANIC  CLAYS  of  medium  to  high  plosticity,  orgonic  silts 


PEAT,  and  other  highly  organic  soil 


WOOD 


SHELLS 


NOTE^  Soils  possessing  chorocteristics  of  two  groups  ore  designoted  by  combinations  of  group  symbols 


COLOR 


COLOR 


DESCRIPTIVE  SYMBOLS 


CONSISTENCY 
FOR  COHESIVE  SOILS 


consistency  I  COHESION  IN  L8S./S0.  FT  FROM 
UNCONFINEO  COMPRESSION  TEST 


<  250 


250-500 


500-  1000 


1000  -  2000 


2000  -  4000 


>  4000 


BLUE- GREEN 


E 


MOTTLED 


L.  L.  -  LIQUID  LIMIT 

PLASTICITY  CHART 

For  class  if  icotion  of  fine  -  groined  soils 


MODIFICATIONS 


MODI  F I C  AT  I  ON  | SYMBOL 


Troces 


Fine 


Medium 


Coarse 


Rootlets 


Lignite  frogments 


Shale  frogments 


Sondstone  frogments 


Shell  frogments 


Organic  matter 


Cloy  stroto  or  lenses 


Silt  strata  or  lenses 


Gravelly 


Boulders 


Slickcnsides 


Wood 


Oxidized 


Crumbly 


Loos* 


V«9«tation 


NOTES  = 


FIGURES  TO  left  OF  BORING  UNDER  COLUMN  “W  OR'Diq 

Arc  noturot  woter  contants  in  percent  dry  weight 


,  FIGURES  TO  LEFT  OF  BORING  UNDER  COLUMNS  “LL"  AND  "PL" 

Are  liquid  ond  plostic  l|mits,  respectively 

SYMBOLS  TO  LEfT  OF  BORING 

Groend- woter  siirfoce  ond  dote  observed 

Denotes  locotion  pf  consolidotion  test  *  * 

Denotes  locotion 

|>f  consoli doted  -  droined  direct  sheor  test  * 

Denotes  location 

jot  consol i doted -undroined  triox*oi  compression  test  ** 

Denotes  locotion 

- - - 

^f  unconsolidoted- undroined  trioxiol  compression  test  *  * 

(— 

Denotes  locotion 
of  the  obove  thn 

pf  somple  subjected  to  consolidotion  test  and  each 

It  types  of  shear  tests  *  * 

1  FW  Denotes  free  wofbr  I 

FIGURES  TO  RIGH 

r  OF  BORING 

Are  volues  of  cohesion 

in  lbs./sq.  ft.  from  unconfined  compression  tests 

In  parenthesis  ore  drtv 
stondord  split  spoon  i 
with  o  30"  drop 

ing  resistonces  in  blows  per  foot  determined  with  o 
ompler  ( 1 'J*  I.O.,  2**0.D. )  ond  o  140  lb.  driving  hommer 

L 

Where  underlined  with 
per  second  of  undislur 

I  solid  line  denotes  loborotory  permeability  in  centimeters 
>ed  somple 

Where  underlined  with  i 
per  second  of  somple  i 

doshed  line  denotes  loborotory  permeobility  in  centimeters 
emouided  to  the  estimoted  noturol  void  rotio 

♦  The  Dio  5«ie  of  o  soil  is 


IS  finer,  ond  90%  coarser  tnon  size  O 


••Results  of  these  tests  ore 


she  groin  diometer  m  millimeters  of  which  tO%  of  the  soil 


Office,  if  these  symbols  cppjfor  beside  the  boring  logs  on  the  drowings. 


moterials  of  the  region  ore 
considered  os  differing  moteJ 


ovoitobie  for  inspection  in  the  U.S.  Army  Engineer  District 


GENERAL  NOTES^ 

While  the  borings  ore  repi  esentotive  of  subsurf oce  conditions  of  their  respective  locotions 
ond  for  their  respective  vertkol  reoches,  local  voriot ions  chorocteristic  of  the  subsurfoce 


micipoted  ond.  if  encountered,  such  voriot  ions  will  not  be 

_ -  within  the_  purview  of  douse  4  of  the  controct. 

elevotions  shbwn  on  the  boring  logs  represent  ground-woter  surfoces  encounter¬ 
ed  on  the  dotes  shown.  Absence  of  woter  surface  doto  on  certoin  borings  implies  thot  no 
ground -woter  doto  is  ovoiiobie,  but  does  not  necessonly  meon  that  ground  water  will  not  be 
encountered  ot  the  locotions  ^  within  the  verticoi  reoches  of  these  borings. 

I  Is  shown  on  the  boring  logs  is  bosed  on  drillers  log  and  visual 
ipte,  eicept  within  those  vertical  reoches  of  the  borings  where 
'‘ined  compression  tests  ore  shown. 


Consistency  of  cohesive 
CKominotion  ond  is  opproiim. 
shear  strengths  from  unconfi 


son.  BORim  uxaan) 


Table  1 


Purpose  of  Groundwater  Observation  WpI  1  g 


Well  Number  -  Figure  7 
1,  3,  8,  16,  23,  27,  9,  17 


- Purpose _ 

Indicate  incoming  groundwater  quality 
and  quantity 


it,  9,  17,  2k,  10,  18 
1,  2,  27,  28 

10,  18,  11,  15,  19 

wells  north  of  bog 
north-south  lines  of  wells 
all  wells 


^tidicate  groundwater  levels  around 
dewatering  system  used  to  establish 
pumping  rates 

Indicate  influence  of  interim  contain¬ 
ment  system  on  groundwater  outside 
of  the  local  area  of  the  system 

-indicate  groundwater  levels  on  each 
side  of  barrier  and  effectiveness  of 
barrier 

Indicate  recharge  rate  and  effect  of 
recharge  on  water  quality 

Readings  for  groundwater  level  cross 
sections 

Readings  used  for  groundwater  level 
and  quality  contour  maps 
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